Summary: Rising health care costs and quality demands have driven both the Centers for Medicare and Medicaid Services and the private sector to seek innovations in health system design by placing institutions at financial risk. Novel care models, such as bundled reimbursement, aim to boost value though quality improvement and cost reduction. The Center for Medicare and Medicaid Innovation is leading the charge in this area with multiple pilots and mandates, including Comprehensive Care for Joint Replacement. Other high-cost and high-volume procedures could be considered for bundling in the future, including breast reconstruction. In this article, conceptual considerations surrounding bundling of breast reconstruction are discussed. (Plast. Reconstr. Surg.
In 2015, a bipartisan effort passed the Medicare Access and CHIP Reauthorization Act, a statute that permanently repealed the Sustainable Growth Rate in a transition away from fee-forservice reimbursement toward value incentivized care. One payment pathway established under the law was Alternative Payment Models. The Bundled Payments for Care Improvement initiative is a form of Alternative Payment Model that was developed by the Center for Medicare and Medicaid Innovation. Bundle payment refers to an arrangement wherein hospitals, postacute care providers (e.g., nursing homes, rehabilitation facilities), and physicians manage the financial risks and gain relative to a "target price" for total spending during a defined clinical care episode (Fig. 1) . The intent is to incentivize quality improvement and cost reduction by increasing accountability and care coordination among previously fragmented participating health systems and siloed providers. The Bundled Payments for Care Improvement initiative has been piloted for 48 Medical Severity Diagnosis-Related Group conditions since 2013. 1 Early experience has yielded success in reducing complications and/or lowering costs in lower extremity joint replacement, with mixed outcomes for spinal surgery and cardiac surgery. 2, 3 These results informed the first mandated bundled payment program from the Center for Medicare and Medicaid Innovation: Comprehensive Care for Joint Replacement. Lower extremity joint replacement was chosen because it represents one of the most costly and voluminous procedures in aggregate to Medicare. 4 Under current fee-for-service models, highcost and high-volume procedures have demonstrated substantial variation in spending and outcomes that provide an opportunity for standardization; therefore, it is reasonable to expect that any could be considered for inclusion in a bundle. 5 Although many procedures within the greater field of plastic and reconstructive surgery are high cost (e.g., lower extremity reconstruction) or high volume (e.g., carpal tunnel release), there are select procedures that satisfy both criteria. An estimated 246,000 women were diagnosed with breast cancer in 2016, 6 of which 37 to 40 percent underwent mastectomy. 7 Recent studies show that upward of 40 percent of those undergoing mastectomy receive some form of reconstruction, 8 which translates into 36,000 to 39,000 cancerrelated reconstructions in 2016. Considering bilateral reconstructions and prophylactic mastectomies for genetic risk reduction, the American Society of Plastic Surgeons reports over 109,000 reconstructive breast operations performed by with median adjusted payments of $12,732 and $17,519. 11 In light of Comprehensive Care for Joint Replacement, Medicare reports an annual knee arthroplasty incidence of 400,000 cases, and pays $16,500 to $33,000 per episode. 12 Thus, breast reconstruction is smaller in volume by 4-fold, with payments on par with Comprehensive Care for Joint Replacement.
IS BREAST RECONSTRUCTION A POTENTIAL CANDIDATE FOR BUNDLING?
Information targeted at surgeons regarding bundled payment reforms has been limited, largely because pilot models are still ongoing. Nonetheless, the American College of Surgeons General Surgery Coding and Reimbursement Committee published a primer on bundled payment reform, aiming to educate the broader surgical community. 13 A logic-driven checklist of criteria for evaluation of bundled payments for any procedure was provided. Table 1 is a consolidated and organized list of criteria.
Application of the General Surgery Coding and Reimbursement Committee criteria to breast reconstruction shows no obvious grounds for exclusion. The procedure is elective and performed all across the United States.
14 Breast cancer affects women with private insurance and Medicare alike. 6 Approximately 40 percent of newly diagnosed breast cancer cases in 2016 will occur in older women. 15 Outcomes data are available in longitudinal databases, which offer an opportunity to evaluate resource use and cost variation across the entire care continuum. Lastly, its prevalence as the second leading cause of cancer death in women and its high visibility among the public ensure that Medicare will be interested in all elements of breast cancer care, including reconstruction.
SHOULD BREAST RECONSTRUCTION BUNDLE WITH OTHER ASPECTS OF BREAST CANCER TREATMENT?
The current diagnostic and therapeutic management of breast cancer is multidisciplinary and Plastic and Reconstructive Surgery • February 2018 incredibly varied. Consequently, universal treatment pathways are the exception in managing breast cancer as opposed to the norm, 16 especially in the era of individualized medicine. The resulting variation in costs is profound, largely reflecting differences in chemotherapy and radiation use. [16] [17] [18] For example, the use of trastuzumab in human epidermal growth factor receptor 2-positive breast cancer costs $78,330 more than human epidermal growth factor receptor 2-negative variants. 19 Whereas cost variation is an opportunity for improvement in standardized procedures with a single disease (such as lower extremity joint replacement for osteoarthritis), cost variation because of inherent disease diversity is not conducive to a single bundled payment, which combines both breast oncology with reconstruction. Recognizing the impact of disease variability on health service use, the Center for Medicare and Medicaid Innovation has instead piloted the Oncology Care Model, which captures all charges ("total cost of care") and quality metrics within a 180-day window, triggered by the administration of chemotherapy, to incentivize best practices and care redesign. 20 Currently, the model is built with bonuses (upside risk), with potential for penalties (downside risk) in coming years.
Combining breast reconstruction with mastectomy in a payment bundle poses other challenges. The majority of women undergoing mastectomy do not undergo reconstruction. Although the incidence of reconstruction is increasing, the rate of immediate reconstruction remains at approximately 40 percent in recent analyses. 8 Any payment target combining reconstruction with mastectomy could incentivize health systems to dissuade or delay reconstruction to reap the difference in savings. In addition, a single bundled payment for mastectomy and reconstruction is mutually exclusive with delayed reconstruction. Therefore, for any of these reasons, it would appear difficult to consider breast cancer treatment and reconstruction as a single entity for the purposes of bundling.
Assuming that mastectomy and reconstruction parse separately, there is no actuarial or clinical reason to have separate bundles for immediate and delayed reconstruction. Currently, payers prefer that mastectomies and reconstructions be performed concurrently to avoid paying for hospitalization and operating room costs twice. However, with separate bundles for mastectomy and reconstruction, the payer will be without knowledge of whether providers combine the operations because the reimbursements are fixed for each episode. This will, however, incentivize health care systems to perform mastectomies and reconstructions concurrently to reap the savings of a single hospitalization. Similarly, there would be no penalty to either payer or provider if they chose to separate the cases for any reason.
ASPECTS OF BREAST RECONSTRUCTION TO INCLUDE IN AN EPISODE
A key tenet of bundling is appropriately defining an episode of care. Lower extremity joint replacement has a straightforward episode of care that includes a single operation followed by rehabilitation. Breast reconstruction has a variety of pathways that challenge an episodic definition. Prosthetic reconstruction provides an example. Currently, tissue expander pathways to breast reconstruction reimburse more than direct-toimplant reconstruction because the fee-for-service model views the tissue expander exchange to permanent implant as a separate reimbursable procedure. In contrast, the concept of bundling breast reconstruction would reimburse a single amount regardless of prosthetic reconstruction pathway. This could seemingly incentivize direct-to-implant methods, but closer evaluation might actually encourage the opposite, given lower complication rates with staged reconstruction. 21 Considerations for an episode must also evaluate the role of revision surgery. Currently, the Women's Health and Cancer Rights Act mandates insurance coverage for breast reconstructionrelated procedures, including all revisions. This has the benefit of protecting women from insurance denials. Bundling revisions in the original episode may undermine the goals of the Women's Health and Cancer Rights Act if surgeons are less likely to offer these procedures because of financial disincentives. One solution would be to classify revisions as unique episodes with their own bundle payment amounts; however, completely severing financial ties to revision surgery would undermine the premise of bundling, which is providing the highest value original reconstruction. Avoiding repeated visits to the operating room saves money for payers and decreases disruptions in patients' lives, and simultaneously frees operating room time for other procedures. Studies on the volume and variation of revision surgery are lacking but could be of assistance in clarifying an episode and duration of breast reconstruction.
CONSIDERATIONS FOR DEFINING THE RISK PERIOD IN BREAST RECONSTRUCTION
Periods of risk are at the core of bundling (e.g., 30-day, 60-day, or 90-day) because they establish the duration over which the providing health system is exposed to financial risk from costs associated with inpatient and postacute care (e.g., readmissions, complications). For Comprehensive Care for Joint Replacement, the Center for Medicare and Medicaid Innovation chose the 90-day window, as this is when both complications and costs plateau. 4 It is estimated that 88 percent of complications following mastectomy without reconstruction occur during the initial hospitalization, with a median of 2 days postoperatively. 22 For breast reconstruction, the window of repeated operations and costs is much longer than 30 or even 90 days. In a 2015 study, Fischer et al. demonstrated that repeated operations and charges peak at approximately 180 days postoperatively and plateau at nearly 900 days. 10 Many of the repeated procedures are not complications, however, and represent revision operations (i.e., fat grafting, capsulotomy). Thus, choosing risk windows based on cost plateaus would generate risk periods of between 2 and 3 years, which is impractical.
A more realistic approach could define the period of risk based on true complications following reconstruction (e.g., hematoma, infected prosthesis), as opposed to elective revisions. If the episode is defined as reconstruction, the period of risk may be upward of 6 to 12 months to allow for staged prosthetic reconstruction.
RISK ADJUSTMENT
Risk adjustment is necessary for appropriate reimbursement in capitated health systems, such as Medicare Advantage, to mitigate the higher costs associated with caring for patients with medical comorbidities. For bundled payment episodes, the issue is more obscure. The Center for Medicare and Medicaid Innovation chose not to risk adjust in Comprehensive Care for Joint Replacement, assuming that providers and institutions were of sufficiently high volume that risk pools were balanced. However, some institutions actually provide care for a disproportionate number of patients with significant comorbidities, and should receive higher reimbursements reflecting their increased cost of care. 23 Women undergoing breast reconstruction are increasingly medically complex with higher rates of complications, 24 suggesting the merits of risk adjustment in this population.
Furthermore, breast reconstruction faces a unique challenge that deserves particular risk adjustment-radiotherapy. Indications for radiotherapy are expanding, and delivery portends an increased risk of complications. Compared to nonirradiated implant-based reconstruction, those receiving radiation therapy are 2.5 to 3.9 times more likely to suffer reconstructive failure. 25, 26 Likewise, chemotherapy poses similar increased odds of complications. 27 The additional downstream costs of these failures have not been studied and deserve further investigation before defining bundled reimbursements. Any additional costs from radiotherapy and chemotherapy should be included in either a flexible risk-adjusted payment or an entirely separate bundle.
Considering the liability of hardware failure in lower extremity joint replacement, the Comprehensive Care for Joint Replacement bundled payment episode is clearly limited to the initial joint replacement and does not cover subsequent revisions. 4 Similarly, the reconstructive surgeon and health system should not bear financial risk for implant failure. Subsequent implant exchanges for ruptures would establish a new episode of care, similar to a revision joint replacement.
ASSOCIATIONS BETWEEN RECONSTRUCTIVE METHOD AND VALUE
Cost variation between different methods of reconstruction deserves consideration. The only longitudinal cost study to date shows that at 3 years, health care charges are $63,806 for tissue expander-based reconstruction versus $66,882 for autologous-based reconstruction. 10 This difference was statistically significant, which suggests a bundled payment episode should reimburse more for autologous reconstruction.
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However, this data set lacked information on unilateral versus bilateral reconstruction, which limits the utility in estimating payment disparities. Regardless, any differences in reimbursement between the two methods should be reflected in separate bundles with unique benchmark payments, such that providers are not encouraged to perform the higher margin operation (which would likely be prosthetic reconstruction).
In terms of laterality, bilateral reconstructions-whether autologous or prosthetic-should reimburse more than unilateral cases, as commensurate with surgeon effort. The bundle benchmark payment would reflect current schemes for incremental reimbursement in bilateral cases (i.e., the difference in professional fees in current unilateral versus bilateral cases would transfer into the separate bundle payment scheme).
Outcome metrics offer the potential to differentiate quality and give insight into differences in payment bundling between autologous and implant-based reconstruction. Unlike Comprehensive Care for Joint Replacement, which has patient-reported outcomes related to ambulation and activities of daily living, 4 breast reconstruction outcomes are related to subjective quality-of-life measures. The BREAST-Q is a validated 100-question survey that indexes quality of life related to breast health following reconstruction. 28 Studies show that autologous reconstruction achieves a higher score than implant-based reconstruction, which is amplified in bilateral reconstruction. 29, 30 In a health care climate steering toward value, autologous reconstruction may be viewed as the superior method of reconstruction-assuming equitable differences in costs-through gains in patient-reported outcomes.
TECHNOLOGIC INNOVATION AND VALUE
Plastic surgery is fundamentally a problembased specialty (as opposed to anatomical or disease) that solves inquiry through innovation. In prior decades of medicine, there was little focus on cost or value, which provided an unabated environment for technology generation and advancement. Breast reconstruction has benefited from this trend as witnessed by the myriad of tools available to accomplish a successful reconstruction. Acellular dermal matrix, remote pulse oximetry monitoring, intraoperative indocyanine green angiography, and preoperative computed tomographic angiography are a few examples of technologies used to varying degrees by surgeons to achieve successful reconstruction. In the fee-for-service model, surgeons, institutions, and health systems use these technologies without regard to cost. Cost-effectiveness/utility analyses attempt to quantify the benefits of technology in light of greater costs to society. In bundled payment models, it is not society but the health system (e.g., surgeon, surgical center, hospital) that must critically evaluate the utility of technology against cost. There is potential that such constraints could stifle innovation and subsequently limit continual quality improvement. In contrast, bundled payments create an environment where health systems profit from providing the highest quality care using the least costly technique.
The recent U.S. Food and Drug Administration approval of the patient-controlled tissue expander AeroForm (AirXpanders, Inc., Palo Alto, Calif.) is an example of novel technology in breast reconstruction that would need to be critically evaluated for value. The incremental cost of the device will be weighed against the impact on total cost of care delivery. For example, fewer patient visits, more rapid expansion, and shorter time to final reconstruction within an episode may argue for total cost savings. However, if the device is simply convenience at an elevated cost, risk-bearing health systems may be reluctant to adopt such technology.
CONCLUSIONS
Value-based care will continue expanding as cost-cutting measures and quality improvements are sought in health care redesign. By placing health systems at risk and offering financial incentives, bundled payment models aim to improve value. Regardless of changes to national health care policy related to the Affordable Care Act, bundle payment models are implemented through the Medicare Access and CHIP Reauthorization Act, which continues to have strong bipartisan support. However, breast reconstruction poses multiple unique factors to bundling that should be evaluated before assuming this strategy. Notably, considerations of episodic definition, episodic duration, risk adjustment, and method of reconstruction distinguish this operation from other currently bundled operations. 31, 32 The plastic surgery community under the leadership of the American Society of Plastic Surgeons has an opportunity to engage in thoughtful conversation on value-based contracting and provide a "voice in modern health care redesign." Importantly, patients may benefit from well-designed payment realignment if the benefits of bundling translate into better coordination of care, potentially fewer operations to achieve reconstructive goals, and elevated patient-reported outcomes. Research investigating value-based approaches is burgeoning throughout surgery and is needed within breast reconstruction before adoption. 
